Abstract
Introduction

26
Reduction of carbon dioxide emissions is still a very important topic and the 27 research on reducing cost and energy demand for its capture has increased over 28 the past years. Using energy efficiently, reducing energy waste, changing fuel 29 sources to alternative sources poorer in carbon content and carbon capture and 
53
A new breed of systems, the phase change solvents, has received much at- 2011a,b). This process is able to operate with energy demands as low as 2.1 60 GJ/ton of CO 2 . Other amine based solvents that form two phases before or 61 after CO 2 loading were recently patented (Svendsen & Trollebø, 2013 The system has an advantage of combining high absorption rate, provided
96
by the diamine, and high capacity from the tertiary amine. Puxty et al. (2009) 
97
showed that DEEA has a significant absorption capacity while MAPA has a high 98 initial absorption rate. Moreover, the energy required for regenerating a tertiary 99 amine is lower than for primary and secondary amines (Kim & Svendsen, 2011 ).
100
It is therefore a potential for lowering the total energy consumption of the overall 101 process significantly. The screening apparatus (Fig. 4) is designed to operate up to 80
• C and at dried gas was sent to the IR analyzer for CO 2 analysis.
135
The absorption tests were performed at 40, 60 and 80 Stripping experiments were done on the lower phase (CO 2 rich phase) gener-144 ated in the screening apparatus. A different apparatus was used for this purpose.
145
The apparatus consisted of a 150 ml stainless steel vessel immersed in an oil were considered stable if in a 10 minutes window no variations occurred above a
154
given limit (± 0.1 • C and ± 1 mbar). The temperature was then increased and 155 the procedure was repeated until the pressure was close to 6 bar. This was due 156 to the pressure transducer having an upper limit of 6 bar.
157
A total of eight samples from the screening tests were tested for high pressure 158 desorption. Table 1 shows the samples selected for the high pressure desorption 159 tests. 
The CO 2 absorption rate was calculated according to Eq. 4. Since the mass out that Eq. 5 computes the loading with respect to the total solvent mass. In 178 other words, this accounts for the weight of both the lower and upper phases.
Screening results
180
The absorption rates of CO 2 at 40, 60 and 80
• C are shown in Fig. 6 while the tertiary amine (DEEA) is still absorbing but at lower absorption rates.
197
Increasing the temperature led to a small increase in the CO 2 absorption 198 rate. Increasing the CO 2 partial pressure in the gas, also, increases the reaction 199 rate, as shown in Fig. 9 . This is already expected since the driving force is 200 increase when the amount of CO 2 is increased in the gas. It should be noted, Table A1 in the 215 appendix.
216
Both the upper and lower phases were analyzed for CO 2 and amine content. Table   222 A2 in the appendix.
223
From the analyses it was possible to identify a CO 2 rich phase (the lower 224 phase) and a CO 2 lean phase (the upper phase). The CO 2 rich phase was rich in
225
MAPA and H 2 O whereas the CO 2 lean phase was composed mainly of DEEA.
226
The upper phase would work as a buffer of DEEA, which would move to the 227 lower phase as more CO 2 is capture by the solvent.
228
The concentration ratios between DEEA and MAPA (mole/mole) in the of the increased miscibility between the two phases at higher temperatures.
235
There was, however, no second experiment performed at 80
• C for checking 236 reproducibility. As temperature increases, the solubility of DEEA in the lower 237 phase goes up and this is reflected in the increased DEEA concentration seen in 238 these points. This is also shown in Fig. 11 where the volume ratio (φ), between is mainly concentrated in the upper phase. However, as more CO 2 is added to 252 the system, the DEEA tends to migrate to the lower phase and, therefore, its After separating the phases, the density of each phase was measured at 25
• C 261 for all experiments. Apart from the measurements at 80 • C and low CO 2 partial 262 pressures, it seems that there is no significant variation in the sample densities. 
266
The data are given in Table A4 in the appendix. /MAPA system showed a high potential for generating CO 2 at elevated pres- In Fig. 17 are shown the vapor pressures of the lower phase, from absorption 273 tests at 40
• C and different CO 2 partial pressures, as a function of temperature.
274
As expected, the total pressure increases with the sample CO 2 loading, reflected 275 in the partial pressure at which it has been generated. It should be kept in 276 mind that the solutions were generated at 95% of the given pressure. As can 277 be seen the pressures that can be generated are significantly higher than for a 278 representative 30 mass% MEA solution with loading 0.5 mole CO 2 /mole MEA.
279
The high pressures that can be obtained can be exploited in two ways. One Table A3 . the CO 2 rich phase was rich in MAPA and H 2 O whereas the CO 2 poor phase 310 was mainly composed of DEEA. As more CO 2 was added to the system, more
311
DEEA is transferred to the lower phase. The volume of the lower phase was 312 also increased by adding more CO 2 to the system. The phase separation was 313 accelerated by increasing the temperature.
314
Desorption tests made on the CO 2 rich phase from the screening tests showed 
318
The new, biphasic system will thus have three advantages. The cyclic capac-319 ity is high thereby reducing the sensible heat demand; the lower phase shows a 320 significant potential for increased CO 2 pressure during stripping thus enabling 321 regeneration at elevated pressure or lower temperature, and finally the operation 322 will take place in a domain where mainly loading and stripping of the tertiary 323 amine takes place, thereby lowering the heat of absorption.
324
The data generated are of great value for further modeling purposes. 
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